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GATE STRUCTURE IN NON-VOLATILE
MEMORY DEVICE

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application 1s a continuation of U.S. application Ser.
No. 13/759,195 filed on Feb. 5, 2013 and claims priority
under 35 USC §119 to Korean Patent Application No.
10-2012-0039915 filed on Apr. 17, 2012 1n the Korean Intel-
lectual Property Office (KIPO), the entire disclosure of which
1s 1ncorporated herein by reference.

BACKGROUND

1. Field

Example embodiments relate to a gate structure provided
in a non-volatile memory device. More particularly, example
embodiments relate to a gate structure provided 1n a charge-
trap NAND flash memory device.

2. Description of the Related Art

In a charge-trap NAND flash memory device, data 1s
recorded by storing charges in a charge trap layer pattern
serving as an insulator or erasing charges from the charge trap
layer pattern. Since the charge-trap NAND flash memory
device can be easily scaled down while representing superior
endurance capability and characteristic uniformity, the
charge-trap NAND flash memory device has been studied and
researched for use as a next generation memory.

SUMMARY

Example embodiments provide a gate structure provided in
a non-volatile memory device capable of preventing an erase
saturation caused by back tunneling.

Example embodiments provide a method of forming the
gate structure.

According to example embodiments, there 1s provided a
gate structure. The gate structure includes a tunnel oxide layer
pattern and a charge trap layer pattern sequentially stacked on
a substrate. A blocking dielectric layer pattern 1s formed on
the charge trap layer pattern having an uppermost layer
including a material having a first dielectric constant that 1s
greater than that of a material included 1n the tunnel oxide
layer pattern. First and second conductive layer patterns are
sequentially stacked on the blocking dielectric layer pattern.
A first spacer covers at least a sidewall of the second conduc-
tive layer pattern, and a second spacer covers sidewalls of the
first spacer and the first conductive layer pattern and includes
a material having a second dielectric constant, the second
dielectric constant equal to or greater than the first dielectric
constant.

In the example embodiments, a first material including the
first conductive layer pattern may be different from a second
material constituting the second conductive layer pattern.

In the example embodiments, the first conductive layer
pattern may have a first work function and the second con-
ductive layer pattern may have a second work function that 1s
less than the first work function.

In the example embodiments, the sidewall of the first con-
ductive layer pattern may include a lower portion and an
upper portion, the lower portion may have a first width, and an
upper portion may have a second width narrower than the first
width.

In the example embodiments, a bottom surface of the first
spacer may be spaced apart from and above a top surface of
the blocking dielectric layer pattern by a thin film.
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In the example embodiments, a bottom surface of the sec-
ond spacer may be closer to the substrate than a bottom
surface of the first spacer.

In the example embodiments, the uppermost layer of the
blocking dielectric layer pattern may include any one of mate-
rials selected from the group consisting of aluminum oxide
(Al,O,), hatnium oxide (H1O,), lanthanum oxide (La,O,),
lanthanum aluminum oxide (LaAlQ;), lanthanum hainium
oxide (LaH1O), hatnium aluminum oxide (HfAlO), titanium
oxide (T10,), tantalum oxide (Ta,O;), and zirconium oxide
(Z10,).

In the example embodiments, the first spacer may cover the
sidewall of the second conductive layer pattern and an upper
portion of the sidewall of the first conductive layer pattern.

In the example embodiments, the gate structure may fur-
ther include a buffer conductive layer pattern between the first
and second conductive layer patterns.

In the example embodiments, the buffer conductive layer
pattern may include a polysilicon material.

In the example embodiments, the first spacer may cover the
sidewall of the second conductive layer pattern and a portion
of a sidewall of the buffer conductive layer pattern.

In the example embodiments, the second spacer has an
upper portion and a lower portion, the lower portion being a
portion of the second spacer that makes contact with the first
conductive layer pattern, the lower portion having a width
wider than a width of the upper portion.

According to example embodiments, there 1s provided a
gate structure. The gate structure includes a tunnel oxide layer
pattern and a charge trap layer pattern sequentially stacked on
a substrate. A blocking dielectric layer pattern 1s formed on
the charge trap layer pattern and includes at least one dielec-
tric layer. A barrier metallic layer pattern 1s stacked on the
blocking dielectric layer pattern. A metallic layer pattern 1s
formed on the barrier metallic layer pattern. A first spacer
covers a sidewall of the metallic layer pattern and an upper
sidewall of the barrier metallic layer pattern. A second spacer
covers a sidewall of the first spacer and a lower sidewall of the
barrier metallic layer pattern and including a material having,
a first dielectric constant equal to or greater than a second
dielectric constant of an uppermost dielectric layer of the
blocking dielectric layer pattern.

In the example embodiments, a bottom surface of the sec-
ond spacer may directly contact a top surface of the blocking
dielectric layer pattern.

In the example embodiments, the first spacer may include
an 1nsulating material configured to prevent the sidewall of
the metallic layer pattern from being oxidized.

According to example embodiments, there 1s provided a
gate structure.

In one example embodiment, the gate structure includes a
substrate, a blocking dielectric layer, a first conductive layer
pattern, a second conductive layer pattern, a first spacer, and
a second spacer. The substrate having sequentially formed
thereon a tunnel oxide layer pattern and a charge trap layer
pattern, the charge trap layer pattern configured to trap
charges therein and the tunnel oxide layer pattern including a
maternial having a first dielectric constant. The blocking
dielectric layer formed on the charge trap layer pattern, the
blocking dielectric layer having a top surface that includes an
inner portion and an outer portion, the inner portion of the top
surface including a material having a second dielectric con-
stant, the second dielectric constant being greater than the
first dielectric constant. The first conductive layer pattern
formed on the mner portion of the blocking dielectric layer,
the first conductive layer pattern having sidewalls. The sec-
ond conductive layer pattern formed on the first conductive
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layer pattern, the second conductive layer pattern including a
metallic material having a resistance lower than that of a
material included 1n the first conductive layer pattern. The
first spacer including a material having a third dielectric con-
stant, the first spacer enclosing the second conductive layer to
prevent oxidation thereof. The second spacer formed on the
outer portion of the blocking dielectric layer such that the
spacer covers the sidewalls of the first conductive layer pat-
tern, the second spacer having a third dielectric constant, the
third dielectric constant being greater than or equal to the first
dielectric constant and greater than the second dielectric con-
stant.

In one example embodiment, the first conductive layer
pattern has a top surface that includes an mner conductive
portion and an outer conductive portion, the inner conductive
portion being 1n contact with the second conductive layer
pattern and the outer conductive portion being 1n contact with
a bottom surface of the first spacer.

In one example embodiment, a bottom surface of the sec-
ond spacer 1s closer to the substrate than the bottom surface of
the first spacer.

In one example embodiment, the bottom surface of the
second spacer 1s wider than a top surface o the second spacer.

In one example embodiment, the gate structure further
includes a butfer conductive layer pattern formed between the
first conductive layer pattern and the second conductive layer
pattern, the buffer conductive layer having a top surface that
includes an mner builer portion and an outer builer portion.
The 1nner buffer portion 1s 1n contact with the second con-
ductive layer pattern and the outer conductive portion 1s 1n
contact with a bottom surface of the first spacer, and the buifer
conductive layer pattern has a thickness that is greater than a
thickness of the first conductive layer pattern.

According to example embodiments, there 1s provided a
method of forming a gate structure. A tunnel oxide layer and
a charge trap layer are sequentially formed on a substrate. A
blocking dielectric layer including the uppermost layer
including a high dielectric material 1s formed on the charge
trap layer. First and second conductive layer are formed on the
blocking dielectric layer. A second conductive layer pattern 1s
formed by patterning the second conductive layer. A first
spacer 1s formed on the sidewall of the second conductive
layer pattern. A first conductive layer pattern 1s formed by
patterning the first conductive layer. A second spacer 1s
formed to cover the sidewall of the first spacer and the side-
wall of the first conductive layer pattern. The second spacer
has a first dielectric constant equal to or greater than a second
of the uppermost layer of the blocking dielectric layer. In
addition, a tunnel oxide layer pattern, a charge trap layer
pattern, and a blocking dielectric layer pattern are formed by
patterning the tunnel oxide layer, the charge trap layer, and the
blocking dielectric layer.

In example embodiments, a preliminary first conductive
layer pattern may be formed by etching a portion of the first
conductive layer during the process of patterning the second
conductive layer.

In example embodiments, the first conductive layer may be
patterned through an 1sotropic etching process so that the
sidewall of the first conductive layer pattern 1s formed inward
from the sidewall of the first spacer.

In example embodiments, after forming the first conduc-
tive layer pattern, a process of 1sotropic-etching the sidewall
of the first conductive layer pattern by a predetermined thick-
ness may be additionally performed.

According to example embodiments, a buffer conductive
layer 1s formed between the first and second conductive lay-
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ers. The bulfer conductive layer pattern 1s formed by pattern-
ing the buifer conductive layer.

In example embodiments, during the process of patterning,
the second conductive layer, a preliminary butler conductive
layer pattern may be formed by etching a portion of the buifer
conductive layer.

In example embodiments, the first spacer may cover the
sidewall of the second conductive layer pattern and a portion
of the sidewall of the buller conductive layer pattern.

In example embodiments, the material including the upper-
most layer of the blocking dielectric layer pattern may
include any one selected from the group consisting of alumi-
num oxide (Al,O;), hainium oxide (H10O,), lanthanum oxide
(La,0,), lanthanum aluminum oxide (LaAlQO,), lanthanum
hatnium oxide (LaH1O), hatnium aluminum oxide (HTAIO),
titanium oxide (110,), tantalum oxide (Ta,O;), and zirco-
nium oxide (ZrO.,).

According to example embodiments, the non-volatile
memory device employing the gate structure prevents an
erase saturation caused by back tunneling. Therefore, a non-
volatile memory device having high performance can be pro-

vided.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be more clearly understood
from the following detailed description taken 1n conjunction
with the accompanying drawings. FIGS. 1a to 19 represent
non-limiting, example embodiments as described herein.

FIG. 1A 1s a cross-sectional view illustrating a gate struc-
ture provided 1n a non-volatile memory device according to a
first example embodiment;

FIGS. 1B and 1C are cross-sectional views 1llustrating a
gate structure provided in a non-volatile memory device
according to modified example embodiments;

FIGS. 2A to 2E are cross-sectional views illustrating a
method of forming the gate structure of FIG. 1A;

FIG. 3 1s a cross-sectional view 1llustrating a gate structure
provided 1n a non-volatile memory device according to a
second example embodiment;

FIGS. 4A and 4B are cross-sectional views illustrating a
method of forming the gate structure of FIG. 3;

FIG. 5 1s a cross-sectional view illustrating a gate structure
provided 1n a non-volatile memory device according to a third
example embodiment;

FIGS. 6A to 6F are cross-sectional views illustrating a
method of forming the gate structure of FIG. §;

FIG. 7 1s a cross-sectional view illustrating a non-volatile
memory device according to one example embodiment;

FIGS. 8A and 8B are cross-sectional views 1llustrating a
method of fabricating the non-volatile memory device of FIG.
7,

FIG. 9A 15 a cross-sectional view 1llustrating a vertical type
non-volatile memory device according to another example
embodiment;

FIG. 9B 1s an enlarged view illustrating a part A of FIG. 9A;

FIG. 101s a cross-sectional view 1llustrating a vertical type
non-volatile memory device according to another example
embodiment;

FIG. 11A 1s a cross-sectional view illustrating a vertical
type non-volatile memory device according to another

example embodiment;

FIG. 11B 1s an enlarged view illustrating a part A of FIG.
11A;

FIG. 12A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment;
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FIG. 12B 1s a plan view of FIG. 12A;
FIGS. 13A and 13B are perspective views showing a

method of fabricating the vertical gate type non-volatile
memory device of FIG. 12A;

FIG. 14 A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to one
example embodiment;

FIG. 14B 1s a plan view of FIG. 14A;

FIGS. 15A and 15B are perspective views showing a
method of fabricating the vertical gate type non-volatile
memory device of FIG. 14A;

FIG. 16A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment;

FIG. 16B 1s a plan view of FIG. 16A;

FIGS.17A to 17C are perspective views showing a method
of fabricating the vertical gate type non-volatile memory
device of FIG. 16A;

FIG. 18A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment;

FIG. 18B 1s a plan view of FIG. 18A; and

FIG. 19 15 a block diagram illustrating a memory system
provided with the non-volatile memory device according to
example embodiments.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1l

Various example embodiments will be described more
tully hereinafter with reference to the accompanying draw-
ings, 1n which some example embodiments are shown. The
present inventive concepts may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. Rather, these
example embodiments are provided so that this description
will be thorough and complete, and will fully convey the
scope of the present mnventive concepts to those skilled 1n the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clanty.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present inventive
concepts.

Spatially relative terms, such as “beneath,” “below,”
“lower, ” “upper”’ and the like, may be used herein for

A

above,
case ol description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
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terms are intended to encompass different orientations of the
device 1n use or operation in addition to the orientation

depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not intended
to be limiting of the present inventive concepts. As used
herein, the singular forms *““a,” “an” and *“the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used 1n this
specification, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereofl.

Example embodiments are described herein with reference
to cross-sectional 1llustrations that are schematic illustrations
of 1dealized example embodiments (and intermediate struc-
tures ). As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient of
implant concentration at its edges rather than a binary change
from 1mplanted to non-implanted region. Likewise, a buried
region formed by implantation may result 1n some 1implanta-
tion 1n the region between the buried region and the surface
through which the implantation takes place. Thus, the regions
illustrated in the figures are schematic 1n nature and their
shapes are not intended to illustrate the actual shape of a
region of a device and are not intended to limit the scope of the
present inventive concepts.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which these mventive concepts belongs. It will be further
understood that terms, such as those defined 1n commonly
used dictionaries, should be interpreted as having a meaning
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted in an i1dealized or
overly formal sense unless expressly so defined herein.

Hereinatter, example embodiments will be described 1n
detail with reference to the accompanying drawings.

Embodiment 1

FIG. 1A 1s a cross-sectional view illustrating a gate struc-
ture provided 1n a non-volatile memory device according to a
first example embodiment, and FIGS. 1B and 1C are cross-
sectional views 1llustrating a gate structure provided 1n a
non-volatile memory device according to modified example
embodiments.

Referring to FIG. 1A, a gate structure includes a tunnel
oxide layer pattern 102qa, a charge trap layer pattern 104a, a
blocking dielectric layer pattern 108, first and second con-
ductive layer patterns 1105 and 112a, respectively, and a hard
mask pattern 114a which are sequentially stacked on a semi-
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conductor substrate 100. In addition, the gate structure
includes first and second spacers 116 and 118, respectively,
formed on a sidewall of the stacked structure.

The semiconductor substrate 100 may include a silicon
substrate, a germanium substrate, a silicon-germanium sub-
strate, a silicon-on-insulator (SOI) substrate, or a germanium-
on-insulator (GOI) substrate. Although not illustrated 1n
drawings, the semiconductor substrate 100 may further
include a well having P-type impurities or N-type impurities.

The tunnel oxide layer pattern 102a may include silicon
oxide.

The charge trap layer pattern 104a may include a material
to trap charges. For example, according to one example
embodiment, the charge trap layer pattern 104a may include
s1licon nitride.

The blocking dielectric layer pattern 108 may include a
high dielectric layer having a high dielectric constant. The
high dielectric layer may include a maternial having a dielec-
tric constant greater than that of silicon oxide. Since the
dielectric constant of silicon oxide formed through a thermal
oxidation process 1s about 3.9, the high dielectric layer may
include a material having the dielectric constant of at least
3.9. Examples of materials used for the high dielectric layer
may include aluminum oxide (Al,O;), haimium oxide
(H1O,), lanthanum oxide (La,O;), lanthanum aluminum
oxide (LaAlO;), lanthanum hamium oxide (LaH1O),
hatnium aluminum oxide (HfAlO), titanium oxide (1T10.,),
tantalum oxide (Ta,O;), zirconium oxide (ZrQO,), etc. The
above materials may be used alone or in a combination
thereol.

The blocking dielectric layer pattern 108 may include only
a high dielectric layer. Alternately, the blocking dielectric
layer pattern 108 may have a multi-layer structure including
various oxides, nitrides, or oxynitrides i addition to the high
dielectric layer. In this case, the uppermost part of the block-
ing dielectric layer pattern 108 may be provided as the high
dielectric layer.

In some example embodiments, as 1llustrated in FIG. 1A,
the blocking dielectric layer pattern 108 may have a structure
in which a first high dielectric layer 108a, a silicon oxide layer
1085, and a second high dielectric layer 108¢ are stacked on
cach other.

In some modified example embodiments, as 1llustrated in
FIG. 1B, the blocking dielectric layer pattern 108 may have a
structure 1n which a first silicon oxide layer 1094, a first high
dielectric layer 1095, a second silicon oxide layer 109¢, and a
second high dielectric layer 1094 are stacked on each other.

In other modified example embodiments, as 1llustrated in
FIG. 1C, the blocking dielectric layer pattern 108 may
include only the first high dielectric layer.

The first and second conductive layer patterns 1106 and
112a formed on the blocking dielectric layer pattern 108 may
serve as a control gate electrode.

The first and second conductive layer patterns 1106 and
112a may include a metallic maternial. In some example
embodiments, the first conductive layer pattern 11056 may
include a barrier metallic layer, and the second conductive
layer pattern 112a may include metal. In other words, the
second conductive layer pattern 112a has resistance lower
than that of the first conductive layer pattern 1105, and actu-
ally serves as a wiring line. Accordingly, as illustrated in FIG.
1a, the second conductive layer pattern 112a 1s thicker than
the first conductive layer pattern 1105. Examples of materials
used for the first conductive layer pattern 1105 may include
titanium (1), titantum nitride (T1N), tantalum (1a), or tanta-
lum nitride (Ta,N). The above materials may be used alone or
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in a combination thereof. For example, the second conductive
layer pattern 112a may include tungsten (W).

Meanwhile, since the high dielectric layer 1s formed at the
uppermost part of the blocking dielectric layer pattern 108,
when polysilicon makes direct contact with an upper portion
of the high dielectric layer, a Fermi level pinning may unde-
sirably occur. Therefore, the use of polysilicon for the first
conductive layer pattern 1105 1s undesirable because of direct
contact with the blocking dielectric layer pattern 108.

In addition, the threshold voltage characteristic of a cell
transistor may be varied according to a first work function of
the first conductive layer pattern 11056 that direct contacts
with the blocking dielectric layer pattern 108. Preferably, the
first work function may be greater than 4.0 V. In addition, the
first work function may be greater than a second work func-
tion of the second conductive layer pattern 112a.

A sidewall of the first conductive layer pattern 1105 does
not have a continuous flat surface, but laterally protrudes at
the lower portion thereof. Therefore, the lower portion of the
first conductive layer pattern 1105 has a first width, and the
upper portion of the first conductive layer pattern 11056 has a
second width narrower than the first width. The protrusion
part of the first conductive layer pattern 11056 may have a flat
top surface.

The second conductive layer pattern 112q has a flat surface
continuously extending from an upper sidewall of the first
conductive layer pattern 1105. For example, the second con-
ductive layer pattern 112a may have the second width such
that the width of the second conductive layer pattern 112a 1s
equal to the width of the upper portion of the first conductive
layer pattern 1105.

The hard mask pattern 114a may include silicon nitride.
The first spacer 116 1s formed on a top surface of the
protrusion part of the first conductive layer pattern 1105 while
being formed on both of a sidewall of the second conductive
layer pattern 112a and a sidewall of the upper portion of the
first conductive layer pattern 1105. The first spacer 116 may
have a width equal to that of the protrusion part of the first
conductive layer pattern 1105. Therefore, the first spacer 116
1s spaced apart from a top surface of the blocking dielectric
layer pattern 108 while being provided higher relative to the
substrate 100 than the top surface of the blocking dielectric
layer pattern 108. Therelfore, the first spacer 116 does not
make direct contact with the blocking dielectric layer pattern
108. The first spacer 116 prevents the sidewalls of the first and
second conductive layer patterns 11056 and 112a, which
includes a metallic material, from being oxidized. Accord-
ingly, the first spacer 116 may include silicon mitride.

The second spacer 118 makes contact with both of a side-
wall of the first spacer 116 and the sidewall of the protrusion
part of the first conductive layer pattern 1105. In addition, a
bottom surface of the second spacer 118 makes direct contact
with a thin film formed at the uppermost part of the blocking
dielectric layer pattern 108. The bottom surface of the second
spacer 118 1s positioned lower than a bottom surface of the
first spacer 116. The second spacer 118 has a first dielectric
constant equal to or greater than a second dielectric constant
of the thin film positioned at the uppermost part of the block-
ing dielectric layer pattern 108. In addition, the second spacer
118 includes a material different from that of the first spacer
116, and has the first dielectric constant greater than a that of
the first spacer 116. In other words, the second spacer 118 has
the first dielectric constant equal to or greater than that of the
second high dielectric layer. Example of materials used for
the second spacer 118 may include aluminum oxide (Al,O;),
hatnium oxide (H1O,), lanthanum oxide (La,O,), lanthanum
aluminum oxide (LaAlO;), lanthanum hafnium oxide
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(LaHTO), hatnium aluminum oxide (HIAIO), titamium oxide
(T10,), tantalum oxide (Ta,O;), zirconium oxide (ZrO,), etc.
The above materials can be used alone or 1n a combination
thereot. The second spacer 118 may selectively include mate-
rials having the first dielectric constant equal to or greater
than that of a material constituting the second high dielectric
layer. As described above, a bottom surface and a lateral side
of the first conductive layer pattern 1105 are surrounded by a
dielectric layer having a high dielectric constant.

In the non-volatile memory device, data 1s recorded by
storing charges into the charge trap layer pattern 104a of the
gate structure or erasing charges from the charge trap layer
pattern 104a.

In the erasing operation, electrons trapped in the charge

trap layer pattern 104a are drawn out through the tunnel oxide

layer pattern 102a and erased by applying erase voltage to the

second conductive layer pattern 112a serving as a control
gate. In the erasing operation, when high negative voltage 1s
applied to the second conductive layer pattern 112a, charges
may be drawn out from the charge trap layer pattern 104a
through the tunnel oxide layer pattern 102a, but electrons
existing 1n the second conductive layer pattern 112a may be
back-tunneled through the blocking dielectric layer and intro-
duced into the charge trap layer pattern 104a. As described
above, 1n example embodiments, in the erasing operation
charges are not introduced into the charge trap layer pattern
104a through the back tunneling, which 1s called an erase
saturation.

In order to prevent charges from being introduced into the
charge trap layer pattern 104q through the back tunneling, the
blocking dielectric layer pattern 108 that directly contacts the
first conductive layer pattern 1105 preferably includes a
material having the high dielectric constant, so that a high
tunnel barrier 1s formed. In addition, preferably, an electric
field 1s umiformly generated between the first conductive layer
pattern 1105 and the blocking dielectric layer pattern 108, so
that the electric field 1s prevented from being concentrated on
a particular region.

In the present example embodiment, the bottom surface
and the lateral side of the first conductive layer pattern 11056
are surrounded by a dielectric layer having a high dielectric
constant. In particular, the second spacer 118 including a
material having a high dielectric constant 1s formed on the
sidewall of the first conductive layer pattern 1105, thereby
uniformly generating an electric field at an edge region of the
first conductive layer pattern 1105, so that the electric field 1s
not concentrated on the edge region of the first conductive
layer pattern 11056. Accordingly, the back tunneling caused by
the concentration of the electric field on the edge region of the
first conductive layer pattern 1105 may be reduced, so that the
non-volatile memory device represent an improved erasing,
operation characteristic.

FIGS. 2A to 2E are cross-sectional views illustrating a
method of forming the gate structure of FIG. 1a.

Referring to FIG. 2A, a tunnel oxide layer 102, a charge
trap layer 104, and a blocking dielectric layer 106 are sequen-
tially formed on a semiconductor substrate 100.

The tunnel oxide layer 102 may 1nclude silicon oxide, and
may be formed through a thermal oxidation process. Accord-
ing to another example embodiment, the tunnel oxide layer
102 may be formed by performing a chemaical vapor deposi-
tion (CVD) process, an atomic layer deposition (ALD) pro-
cess, Oor a sputtering process.

The charge trap layer 104 may include silicon nitride and
may be formed by performing a CVD process, an ALD pro-

cess, Or a sputtering process.
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The blocking dielectric layer 106 may have a stacked struc-
ture including a high dielectric layer at the uppermost part
thereof. For example, as illustrated in FIG. 2A, the blocking
dielectric layer 106 may be formed by sequentially depositing
a first high dielectric layer 1064, a silicon oxide layer 1065,
and a second high dielectric layer 106c.

The first ligh dielectric layer 106a may be formed by
performing a CVD process, an ALD process, or a sputtering
process. The first high dielectric layer 106a may include a
high dielectric material. Example of the high dielectric mate-
rials used for the first high dielectric layer 106a may include
aluminum oxide (Al,O;), hatnium oxide (H1O,), lanthanum
oxide (La,0,), lanthanum aluminum oxide (LaAlQO,), lantha-
num hafnium oxide (LaH1O), hainium aluminum oxide
(HTAIO), titanium oxide (110,), tantalum oxide (Ta,O.), zir-
contum oxide (ZrQO.,), etc. The high dielectric materials can be
used alone or 1n a combination thereof.

The silicon oxide layer 1066 may be formed by performing
a CVD process, an ALD process, or a sputtering process.

The second high dielectric layer 106¢ may be formed by
performing a CVD process, an ALD process, or a sputtering
process. The second high dielectric layer 106¢ may 1nclude a
high dielectric material. Example of the high dielectric mate-
rials used for the second high dielectric layer 106¢c may
include such as silicon nitride using aluminum oxide (Al,O,),
hatnium oxide (H1O,), lanthanum oxide (La,O,), lanthanum
alummum oxide (LaAlO;), lanthanum hatnium oxide
(LaH1O), hafnium aluminum oxide (HIAIO), titanium oxide
(110, ), tantalum oxide (Ta,O. ), zircontum oxide (ZrQ.,), efc.
The high dielectric materials can be used alone or in a com-
bination thereof. In some example embodiments, a material
used for the second high dielectric layer 106¢ may be same or
different material then used for the first high dielectric layer
106a.

Although the present example embodiment 1s described 1n
that the blocking dielectric layer 106 1s formed by depositing
the first high dielectric layer 1064, the silicon oxide layer
1065, and the second high dielectric layer 106¢, the blocking
dielectric layer 106 may have various stacked structures. For
example, 1 some example embodiments, the blocking
dielectric layer 106 may be formed by sequentially depositing
a first s1licon oxide layer, a first high dielectric layer, a second
s1licon oxide layer, and a second high dielectric layer while 1n
some example embodiments, the blocking dielectric layer
106 may include only a high dielectric layer.

Thereaftter, a first conductive layer 110, a second conduc-
tive layer 112, and a hard mask layer 114 are formed on the
blocking dielectric layer 106.

The first conductive layer 110 may be formed by deposit-
ing metallic materials. Examples of the metallic materials
used for the first conductive layer 110 may include titantum
(T1), titanium mitride (T1N), tantalum (Ta), tantalum mtride
(Ta,N), etc. The above metallic materials may be used alone
or 1n a stacked form including at least two materials. The first
conductive layer 110 serves as a barrier metallic layer.

The second conductive layer 112 may include tungsten
(W). The second conductive layer 112 1s thicker than the first
conductive layer 110.

The hard mask layer 114 may be formed by depositing
s1licon nitride.

Referring to FI1G. 2B, the hard mask pattern 114a 1s formed
by patterning the hard mask layer 114 using a photoresist
pattern.

The second conductive layer 112 is etched by using the
hard mask pattern 114a so that a top surface of the first
conductive layer 110 1s exposed. Subsequently, a portion of
the first conductive layer 110 provided under the second
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conductive layer 112 1s etched. The second and first conduc-
tive layers 110 and 112 may be etched through an anisotropic
ctching process. In example embodiments, only the second
conductive layer 112 need be etched through the anisotropic
ctching process. However, when the etching process 1s actu-
ally performed, an over etching process must be performed 1n
order to etch the entire exposed portion of the second con-
ductive layer 112. In this case, the exposed top surface of the
first conductive layer 110 may be partially etched to form a
preliminary first conductive layer pattern 110a.

After the above etching process has been performed, a
second conductive layer pattern 112q and the preliminary first
conductive layer pattern 110q are formed.

Referring to FIG. 2C, the first spacer 116 1s formed from a
first spacer layer (not illustrated). The first spacer layer 1s
formed on the surfaces of the second conductive layer pattern
112a, the preliminary first conductive layer pattern 110a, and
the hard mask pattern 114a. The first spacer layer 1s formed to
prevent the sidewall of the second conductive layer pattern
112a from being oxidized. The first spacer layer may be
formed by depositing silicon nitride.

The first spacer 116 1s formed by anisotropic-etching the
first spacer layer. The first spacer 116 1s formed on the side-
wall of the second conductive layer pattern 112a and the
sidewall of the preliminary first conductive layer pattern
110a.

Referring to FIG. 2D, the first conductive layer pattern
11056 1s formed by anisotropic-etching the preliminary first
conductive layer pattern 110a using both of the first spacer
116 and the hard mask pattern 114a as an etching mask. In the
above etching process, a portion or the entire portion of the
second high dielectric layer 106¢, which 1s exposed under the
preliminary first conductive layer pattern 110a, may be
etched.

The lower portion of the first conductive layer pattern 1105
protrudes 1n a lateral direction. The first conductive layer
pattern 1105 1s formed on the sidewall thereof with the first
spacer 116. The lower portion of the first conductive layer
pattern 1105 has the first width and the upper portion of the
first conductive layer pattern 1105 has the second width nar-
rower than the first width.

Referring to FIG. 2E, the second spacer 1180 1s formed
from a second spacer layer (not illustrated). The second
spacer layer 1s formed on the surface of the first spacer 116,
the second high dielectric layer 106¢, and the hard mask
pattern 114a. The second spacer layer has a first dielectric
constant equal to or greater than a second dielectric constant
of the second high dielectric layer 106¢ formed at the upper-
most part of the blocking dielectric layer 106. Example of
materials used for the second spacer layer may include alu-
minum oxide (Al,O,), hatnium oxide (HIO,), lanthanum
oxide (La,O,), lanthanum aluminum oxide (LaAlQO,), lantha-
num hafnium oxide (LaH1O), hatnium aluminum oxide
(HfAlO), titanium oxide (110,), tantalum oxide (Ta,O.), zir-
conium oxide (ZrQ,), etc. The above materials may be used
alone or 1n a combination thereof. The second spacer layer
may selectively include a material having the first dielectric
constant equal to or greater than the second dielectric con-
stant among the above matenals.

Thereatfter, the second spacer 118 1s formed on both of the
sidewall of the first spacer 116 and the sidewall of the protru-
sion part of the first conductive layer pattern 1105 by aniso-
tropic-etching the second spacer layer.

Subsequently, as illustrated in FIG. 1A, the second high
dielectric layer 106c¢, the silicon oxide layer 1065, the first
high dielectric layer 1064, the charge trap layer 104, and the
tunnel oxide layer 102, which are provided under the second
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spacer 118 and the hard mask pattern 114a, are etched by
using both of the second spacer 118 and the hard mask pattern

114a as an etching mask. Accordingly, the tunnel oxide layer
pattern 102q, the charge trap layer pattern 104a, and the
blocking dielectric layer pattern 108 are formed.

The gate structure 1s formed by performing the above pro-
CEeSSes.

Thereatter, although not illustrated 1n drawings, an 1impu-
rity region 1s formed at the upper portion of the semiconduc-
tor substrate 100, which 1s adjacent to the gate structure, by an
ion 1mplantation process using the gate structure as an 1on
implantation mask. Through the above processes, a cell tran-

sistor of the non-volatile memory device may be manufac-
tured.

Embodiment 2

FIG. 3 1s a cross-sectional view 1llustrating a gate structure
provided 1n a non-volatile memory device according to a
second example embodiment.

The gate structure according to the present example
embodiment has the same as the gate structure according to
the first example embodiment except the present example
embodiment does not have the first conductive layer pattern
1105 and the second spacer 118. Instead, the present example
embodiment includes a first conductive layer pattern 111 and
a second spacer 118a that have shapes that differ from the first
conductive layer pattern 1105 and the second spacer 118,
respectively.

Referring to FIG. 3, smmilarly to the gate structure
described 1n the first example embodiment, the gate structure
according to the present example embodiment includes the
tunnel oxide layer pattern 1024, the charge trap layer pattern
104qa, the blocking dielectric layer pattern 108, first and sec-
ond conductive layer patterns 111 and 1124, and the hard
mask pattern 114a which are sequentially stacked on the
semiconductor substrate 100. In addition, the gate structure
includes first and second spacers 116 and 118a formed on a
sidewall of the stacked structure.

The tunnel oxide layer pattern 102a, the charge trap layer
pattern 104q, and the blocking dielectric layer pattern 108,
which are formed on the semiconductor substrate 100, have
the same structures as those according to the first example
embodiment.

The first and second conductive layer patterns 111 and
112a formed on the blocking dielectric layer pattern 108
serve as a control gate electrode. The materials constituting
the first and second conductive layer patterns 111 and 112a
are the same as the materials constituting the first and second
conductive layer patterns 1105 and 1124 described according
to the first example embodiment.

The first spacer 116 1s positioned on both of the entire
sidewall of the second conductive layer pattern 112a and the
upper portion of sidewall of the first conductive layer pattern
111. The materials constituting the first spacer 116 are the
same as the materials constituting the first spacer 116
described according to the first example embodiment.

The sidewall of the first conductive layer pattern 111 may
discontinuously aligned with respect to the sidewall of the
first spacer 116, and may be formed inward from the sidewall
of the first spacer 116. In other words, the first conductive
layer pattern 111 may not be provided under the bottom
surface of the first spacer 116. The first conductive layer
pattern 111 may be undercut from the bottom surface of the
first spacer 116.

The second spacer 118a covers the surface of the first
spacer 116, and the sidewalls of the first conductive layer
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pattern 111. The second spacer 118a 1s filled 1n a region
provided under the bottom surface of the first spacer 116.
Theretore, the second spacer 118a formed on the sidewall of
the first conductive layer pattern 111 has a width wider than
that of the second spacer 118a formed on the sidewall of the
first spacer 116. The materials constituting the second spacer
118a are the same as the materials constituting the second
spacer described according to the first example embodiment.

As described above, the bottom surface and the lateral side
of the first conductive layer pattern 111 1s surrounded by a
dielectric layer having a high dielectric constant. Accord-
ingly, the back tunneling caused by the concentration of the
clectric field on the edge region of the first conductive layer
pattern 111 1s reduced, so that the non-volatile memory
device represent an improved erasing operation characteris-
tic.

FIGS. 4A and 4B are cross-sectional views illustrating a
method of forming the gate structure of FIG. 3.

First, the structure illustrated in FIG. 2C 1s formed by
performing the processes the same as those described with
reference to FIGS. 2A to 2C.

Referring to FIGS. 2C and 4A, the preliminary first con-
ductive layer pattern 110a 1s 1sotropic-etched by using both of
the first spacer 116 and the hard mask pattern 114a as an
ctching mask. When the above isotropic etching process 1s
performed, the preliminary first conductive layer pattern
110a provided under the bottom surface of the first spacer 116
1s etched to have a shape undercut from the bottom surface of
the first spacer 116, thereby forming the first conductive layer
pattern 111.

Referring to FIG. 4B, the second spacer 118a 1s formed
from a second spacer layer (not illustrated). The second
spacer layer 1s formed on the surface of the first spacer 116,
and the second high dielectric layer 106¢ and the hard mask
pattern 114a. The second spacer layer has a first dielectric
constant equal to or greater than a second dielectric constant
of the second high dielectric layer 106¢ positioned at the
uppermost part of the blocking dielectric layer. The second
spacer layer 1s filled 1n an undercut region provided under the
bottom surface of the first spacer 116.

Thereafter, the second spacer 118a 1s formed on the side-
walls of the first spacer 116 and the first conductive layer
pattern 111 by anisotropic-etching the second spacer layer.

As 1llustrated 1in drawings, since the sidewall of the first
conductive layer pattern 111 1s formed inward from the side-
wall of the first spacer 116, the second spacer 118a has a
wider width on the sidewall of the first conductive layer
pattern 111.

Subsequently, as illustrated mn FIG. 3, the second high
dielectric layer 106c¢, the silicon oxide layer 1065, the first
high dielectric layer 1064, the charge trap layer 104, and the
tunnel oxide layer 102, which are provided under the second
spacer 118a and the hard mask pattern 114a, are etched by
using both of the second spacer 118a and the hard mask
pattern 114a as an etching mask. Accordingly, the tunnel
oxide layer pattern 102a, the charge trap layer pattern 104a,
and the blocking dielectric layer pattern 108 are formed.

The gate structure 1s formed by performing the above pro-
CEesSes.

Hereinafter, another method of forming the gate structure
illustrated 1n FIG. 3 will be described.

First, the structure illustrated 1n FIG. 24 1s formed by
performing the processes the same as those described with
reference to FIGS. 2a to 2d.

As 1llustrated 1n 44, the first conductive layer pattern 1105
1s 1sotropic-etched by using both of the first spacer 116 and
the hard mask pattern 114a as an etching mask. When the
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above 1sotropic etching process 1s performed, the first con-
ductive layer pattern 1105 provided under the bottom surface

of the first spacer 116 may be etched, thereby forming the first
conductive layer pattern 111 finally having a shape undercut
from the bottom surface of the first spacer 116.

In other words, the first conductive layer pattern 11056 the
same as that i1llustrated in FIG. 24 1s formed by anisotropic-
etching the preliminary first conductive layer pattern 110a
illustrated 1n FIG. 2¢. Thereatter, a portion of the sidewall of
the first conductive layer pattern 1105 1s 1sotropic-etched,
thereby forming the first conductive layer pattern 111 of FIG.
d4a which 1s the shape undercut from.

Thereatter, the gate structure of FIG. 3 can be formed by
performing the processes the same as the processes described
with reference to FIG. 4b.

Embodiment 3

FIG. 5 1s a cross-sectional view 1llustrating a gate structure
provided in anon-volatile memory device according to a third
example embodiment.

Referring to FIG. 5, the gate structure includes the tunnel
oxide layer pattern 1024, the charge trap layer pattern 104aq,
the blocking dielectric layer pattern 108, a first conductive
layer pattern 110¢, a buifer conductive layer pattern 1305, a
second conductive layer pattern 132a, and the hard mask
pattern 114 which are sequentially stacked on the semicon-
ductor substrate 100. In addition, the gate structure includes
first and second spacers 116a and 1185, respectively, formed
on a sidewall of the stacked structure.

The tunnel oxide layer pattern 102a, the charge trap layer
pattern 104a, and the blocking dielectric layer pattern 108,
which are formed on the semiconductor substrate 100, have
the same structures as those according to the first example
embodiment.

The first conductive layer pattern 110c¢, the buffer conduc-
tive layer pattern 1305, and the second conductive layer pat-
tern 132a, which are formed on the blocking dielectric layer
pattern 108, serve as a control gate.

The first conductive layer pattern 110¢ may include a
metallic material having a work function of at least 4.0 eV.
Example of matenials used for the first conductive layer pat-
tern 110¢c may include titanium (T11), titanium nitride (T1N),
tantalum (1a), tantalum nitride (Ta,N), etc. The above mate-
rials may be used alone or in a combination thereof.

Since the high dielectric layer 1s formed at the uppermost
part of the blocking dielectric layer pattern 108, when poly-
s1licon makes direct contact with an upper portion of the high
dielectric layer, a Fermi level pinming may undesirably occur.
Theretore, the use of polysilicon for the first conductive layer
pattern 110¢ making direct contact with the blocking dielec-
tric layer pattern 108 1s undesirable.

The bulfer conductive layer pattern 13056 may include
polysilicon. The butler conductive layer pattern 1305 1s pro-
vided to easily perform a process of etching a gate electrode.
Therefore, the butler conductive layer pattern 13056 may be
thicker than the first conductive layer pattern 110c¢. The butier
conductive layer pattern 1305 may be doped with impurities
so that the butifer conductive layer pattern 1305 1s conductive.

A sidewall of the buttfer conductive layer pattern 1305 does
not have a continuous flat surface, but protrudes at the lower
portion thereof. Therefore, the lower portion of the builer
conductive layer pattern 1306 has the first width, and the
upper portion of the buffer conductive layer pattern 1305 has
the second width narrower than the first width. The protrusion
part of the buller conductive layer pattern 1305 may have a
tlat top surface.
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The second conductive layer pattern 132q has a tlat surface
continuously extending from an upper sidewall of the butifer
conductive layer pattern 13056. For example, the second con-
ductive layer pattern 132a may have the second width. The
second conductive layer pattern 132a may serve as a wiring
line. Therefore, the second conductive layer pattern 132a may
include a metallic material having low resistance. According
to one example embodiment, the second conductive layer
pattern 132a may 1nclude tungsten (W).

The first spacer 116a 1s formed on a top surface of the
protrusion part of the buffer conductive layer pattern 1305
while being formed on both of a sidewall of the second
conductive layer pattern 132q and an upper portion of the
sidewall of the butier conductive layer pattern 1305. The first
spacer 116a may have a width equal to that of the protrusion
part of the bufler conductive layer pattern 1305. Therelfore,
the first spacer 116a does not make direct contact with the
blocking dielectric layer pattern 108. The first spacer 1164
prevents the sidewalls of the second conductive layer pattern
1324 that include a metallic matenal from being oxidized.

Accordingly, the first spacer 116a may include silicon nitride
(S13N,).

The second spacer 1185 makes contact with the sidewall of
the first spacer 1164, the sidewall of the protrusion part of the
butifer conductive layer pattern 1305, and the sidewall of the
first conductive layer pattern 110c¢. The bottom surface of the
second spacer 1185 1s positioned lower than the bottom sur-
face of the first spacer 116a.

The second spacer 1185 has a first dielectric constant equal
to or greater than a second dielectric constant of a thin film
positioned at the uppermost part of the blocking dielectric
layer pattern 108. In other words, the second spacer 1185 has
the first dielectric constant equal to or greater than that of the
second high dielectric layer 108¢. In addition, the material
constituting the second spacer 1185 1s the same as the mate-
rial described according to the first and second embodiments.

As described above, the bottom surface and the lateral side
of the first conductive layer pattern 110c¢ 1s surrounded by a
dielectric layer having a high dielectric constant. Accord-
ingly, the back tunneling caused by the concentration of the
clectric field on the edge region of the first conductive layer
pattern 110c¢ 1s reduced, so that the non-volatile memory
device represent an improved erasing operation characteris-
tic.

FIGS. 6 A to 6E are cross-sectional views illustrating a
method of forming the gate structure of FIG. 5.

Referring to FIG. 6 A, the tunnel oxide layer 102, the charge
trap layer 104, and the blocking dielectric layer 106 are
sequentially formed on the semiconductor substrate 100. The
processes of forming the above thin films are the same as
those described according to the first example embodiment.

The first conductive layer 110 1s formed on the blocking
dielectric layer 106. The first conductive layer 110 may be
formed by depositing barrier metallic materials. Examples of
the barrier metallic materials used for the first conductive
layer 110 may include titanium (T11), titanium nitride (T1N),
tantalum (Ta), tantalum nitride ('Ta,N), etc. The barrier metal-
lic materials may be used alone or a stacked form including at
least two materials. A bulfer conductive layer 130 1s formed
on the first conductive layer 110 with a thickness thicker than
that of the first conductive layer 110. The buffer conductive
layer 130 1s formed by depositing polysilicon. A second
butler layer 132 1s formed on the builer conductive layer 130.
The second buifer layer 132 may be formed by depositing a
metallic material having low resistance. The hard mask layer
114 1s formed on the second conductive layer 132.
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Reterring to FIG. 6B, the hard mask pattern 114a 1s formed
by patterning the hard mask layer 114 using a photoresist
pattern.

The second conductive layer 132 is etched by using the
hard mask pattern 114a so that the top surface of the builer
conductive layer 130 1s exposed. Subsequently, a portion of
the bulfer conductive layer 130 1s etched. The second con-
ductive layer 132 and the butler conductive layer 130 may be
ctched through an anisotropic etching process. In the above
etching process, the process condition must be adjusted to
ctch a portion of the buifer conductive layer 130 by a desired
(or alternatively, a predetermined) thickness. Since the butfer
conductive layer 130 may have a thickness that 1s larger than
that of the first conductive layer 110, an etching stop point can
be easily detected 1n the etching process.

After the etching process has been performed, the second
conductive layer pattern 132a and a preliminary buflfer con-
ductive layer pattern 130q are formed.

Referring to FIG. 6C, the first spacer 1164 1s formed from
a first spacer layer (not illustrated). The first spacer layer 1s
formed on the surfaces of the second conductive layer pattern
132a, the preliminary buifer conductive layer pattern 130a,
and the hard mask pattern 114qa. The first spacer layer may be
formed by depositing silicon nitride.

The first spacer 1164 1s formed by anmisotropic-etching the
first spacer layer. The first spacer 116a 1s formed on the
sidewall of the second conductive layer pattern 132a and the
sidewall of the preliminary buffer conductive layer pattern
130a.

Referring to FIG. 6D, the preliminary buifer conductive
layer pattern 130a and the first conductive layer 110 are
anisotropic-etched by using the first spacer 1164 and the hard
mask pattern 114a as an etching mask, thereby forming the
buiter conductive layer pattern 1305 and the first conductive
layer pattern 110c.

The lower portion of the buifer conductive layer pattern
1305 and the first conductive layer pattern 110¢ protrude 1n a
lateral direction.

Retferring to FIG. 6E, the second spacer 118 1s formed
from a second spacer laver (not illustrated). The second
spacer layer 1s formed on the surface of the first spacer 1164,
the second high dielectric layer 1185, and the hard mask
pattern 114a. The second spacer layer may include a material
the same as that described according to the first and second
embodiments.

Thereatter, the second spacer 11856 1s formed on the side-
walls of the first spacer 1164, the first conductive layer pattern
110c, and a protrusion part of the builer conductive layer
pattern 1305 by anisotropic-etching the second spacer layer.

Subsequently, as illustrated 1n FIG. 3, the second high
dielectric layer 106c¢, the silicon oxide layer 1065, the first
high dielectric layer 1064, the charge trap layer 104, and the
tunnel oxide layer 102, which are provided under the second
spacer 11856 and the hard mask pattern 114a, are etched by
using both of the second spacer 1186 and the hard mask
pattern 114a as an etching mask. Accordingly, the tunnel
oxide layer pattern 1024, the charge trap layer pattern 104aq,
and the blocking dielectric layer pattern 108 are formed.

The gate structure may be formed by performing the above
Processes.

The gate structure according to each example embodiment
described above 1s applicable to the non-volatile memory

device.

Embodiment 4

FIG. 7 1s a cross-sectional view illustrating a non-volatile
memory device according to an example embodiment.
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Referring to FIG. 7, the non-volatile memory device
includes gate structures illustrated in FIG. 1A. The gate struc-
tures serve as gates of a cell transistor 202 and select transis-
tors 204a and 2045. First to third impurity regions 206a,
2060, and 206c¢, respectively, are formed between the gate
structures 1n the semiconductor substrate 100. In addition, the
non-volatile memory device further includes a common
source line (CSL) 212 and a bit line 218.

The gate structures have the shape of a line extending 1n a
second direction, and are spaced apart from each other in a
first direction perpendicular to the second direction.

A first insulating 1nterlayer 210 1s formed on the semicon-
ductor substrate 100 to cover the gate structure.

The CSL 212 makes contact with the second impurity
region 2065 while passing through the first insulating inter-
layer 210. The CSL 212 may include doped polysilicon,
metal, or metallic silicide.

A second insulating interlayer 214 1s formed on both of the
first 1nsulating interlayer 210 and the CSL 212. A bait line
contact 216 1s formed to make contact with the third impurity
region 206¢ while passing through the first and second 1nsu-
lating interlayers 210 and 214. A bit line 218 clectrically
connected to the bit line contact 216 1s formed on the second
insulating interlayer 214. The bit line 218 extends 1n the first
direction.

As described above, the non-volatile memory device
including the gate structure of the example embodiments has
improved erase saturation characteristics and improved reli-
ability as compared to a conventional charge-trap non-vola-
tile memory device.

Although the present example embodiment employs the
gate structure according to the first example embodiment, the
non-volatile memory device may employing the gate struc-
tures according to the second and third example embodiments
may be provided.

FIGS. 8A and 8B are cross-sectional views illustrating a
method of fabricating the non-volatile memory device ol FIG.
7.

(Gate structures are formed on the semiconductor substrate
100 by performing the processes described with reference to
FIGS. 2A to 2E. The gate structures have the shape of a line
extending 1n the second direction.

Referring to FIG. 8A, the first to third impurity regions
206a, 2065, and 206¢ are formed by implanting impurities
into the semiconductor substrate 100 formed between the
gate structures.

The first insulating interlayer 210 1s formed on the semi-
conductor substrate 100 to cover the gate structures. The first
insulating interlayer 210 may be formed by performing a
CVD process, an ALD process, or a sputtering process using
oxide such as boron phosphorous silicate glass (BPSG),
undoped silicate glass (USG), or spin on glass (SOG).

A first opening (not 1illustrated) 1s formed to expose the
second 1mpurity region 2065 while passing through the first
insulating interlayer 210, and a conductive layer 1s formed 1n
the first opening and on the first insulating interlayer 210. The
first opening may have the shape of a line extending 1n the
second direction. The conductive layer may be formed by
using doped polysilicon, metal, or metallic silicide. The upper
portion of the conductive layer i1s planarized until the first
insulating interlayer 210 1s exposed, thereby forming the CSL
212 making contact with the second impurity region 2065 1n
the first opening.

Referring to FIG. 8B, the second msulating interlayer 214
1s formed on the first insulating mterlayer 210 and the CSL
212. The second insulating interlayer 214 may be formed by
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performing a CVD process, an ALD process, or a sputtering
process using oxide such as BPSG, USG, or SOG.

Thereatter, as 1llustrated 1n FIG. 7, a second opeming (not
illustrated) 1s formed to expose the third impurity region 206¢
while passing through the first and second insulating inter-
layers 210 and 214, and a conductive layer 1s formed in the
second opening and on the second insulating interlayer 214.
The conductive layer may be formed by using doped poly-
s1licon, metal, or metallic silicide. The upper portion of the
conductive layer i1s planarized until the second insulating
interlayer 214 1s exposed, thereby forming the CSL 216 mak-
ing contact with the third impurnity region 206c¢ 1n the second
opening.

In addition, the bit line 218 electrically connected to the bit
line contact 216 1s formed by depositing a conductive layer on
the second insulating interlayer 214 and patterning the con-
ductive layer. The bit line 218 may have a linear shape extend-
ing in the second direction. The conductive layer may be
formed by using doped polysilicon, metal, or metallic sili-
cide.

The non-volatile memory device illustrated 1n FIG. 7 may

be formed by performing the processes described with refer-
ence to FIGS. 8A and 8B.

Embodiment 5

FIG. 9A 1s a cross-sectional view 1llustrating a vertical type
non-volatile memory device according to one example
embodiment. FIG. 96 1s an enlarged view 1llustrating a part A
of FIG. 9A, shown 1n a dotted area of FIG. 9A.

Referring to FIGS. 9A and 9B, the vertical type non-vola-
tile memory device may include channel patterns 302 and
control gate electrodes 314 serving as word lines, the channel
patterns 302 and word lines are formed on a substrate 300.

The substrate 300 may include a semiconductor substrate
such as a silicon substrate, a germanium substrate, or a sili-
con-germanium substrate.

The channel patterns 302 may vertically extend from a top
surface of the substrate 300 with a desired (or alternatively, a
predetermined) height. Each channel pattern 302 may have a
pillar shape, cylindrical shape or a rectangular parallelepiped
shape. At least the surface of the channel pattern 302 may
include a semiconductor material. For example, the entire
portion of the channel pattern 302 may 1nclude a semicon-
ductor material. Alternately, the outer portion of the channel
pattern 302 may include a semiconductor material 3024, and
the iner portion of the channel pattern 302 may 1nclude an
insulating material 30256. The semiconductor material 302qa
may include single crystal silicon or polysilicon.

A tunnel oxide layer 304 1s formed on the surface of the
sidewall of the channel pattern 302. In addition, a charge trap
layer 306 1s formed on the tunnel oxide layer 304. A first
blocking dielectric layer 308 1s formed on the charge trap
layer 306. The first blocking dielectric layer 308 may include
a plurality of dielectric layers. In some example embodi-
ments, the first blocking dielectric layer 308 may include a
silicon oxide layer. In some example embodiments, the first
blocking dielectric layer 308 may have a structure 1n which a
s1licon oxide layer and a first high dielectric layer are stacked
on each other.

Insulating interlayer patterns 310 are formed 1n a lateral
direction of the channel pattern 302 formed thereon with the
first blocking dielectric layer 308. The nsulating interlayer
patterns 310 are vertically spaced apart from each other.
Accordingly, recess parts are formed between the insulating
interlayer patterns 310.
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A second blocking dielectric layer 312 i1s formed on the
first blocking dielectric layer 308 and the insulating interlayer

pattern 310 in the recess parts. In some example embodi-
ments, the second blocking dielectric layer 312 may verti-
cally extend as illustrated in FIG. 9A. In other example
embodiments, the second blocking dielectric layer 312 may
be formed only 1n the recess parts of the insulating interlayer
pattern 310.

The second blocking dielectric layer 312 may have a
dielectric constant greater than those of the dielectric layers
constituting the first blocking dielectric layer 308. In other
words, a material constituting the first blocking dielectric
layer 308 may be different from a material constituting the
second blocking dielectric layer 312. In some example
embodiments, the second blocking dielectric layer 312 may
include a material having the highest dielectric constant
among materials constituting the dielectric layers of the first
blocking dielectric layer 308.

The second blocking dielectric layer 312 includes a first
part 312a making contact with a sidewall part of the channel
pattern 302 and a second part 3125 protruding from the side-
wall part of the channel pattern 302 on the end portion of the
first part 312a.

The second blocking dielectric layver 312 may include a
material having a dielectric constant of at least 3.9. The sec-
ond blocking dielectric layer 312 may include metallic oxide.

Each of the control gate electrodes 314 1s formed on the
second blocking dielectric layer 312 to fill the recess parts.
The control gate electrodes 314 serve as the word lines. The
word lines 314 may have the shape of a multi-layer structure,
and may be vertically stacked. The word lines 314 may
include a metallic material.

Each word line 314 may include a barrier metallic layer
pattern 314a and a metallic layer pattern 3145.

The metallic layer pattern 3145 may 1include tungsten (W).
The barrier metallic layer pattern 314a may include titanium
('T1), titanium nitride (T1N), tantalum (Ta), or tantalum nitride
(Ta,N). The above materials may be used alone or 1n a com-
bination thereof. The barner metallic layer pattern 314a
makes direct contact with the second blocking dielectric layer
312.

As 1llustrated 1n FIGS. 9A and 9B, the second blocking
dielectric layer 312 1s disposed between the word line 314 and
the first blocking dielectric layer 308. In addition, the second
blocking dielectric layer 312 makes direct contact with upper
and lower portions of the word line 314. The second part 3125
of the second blocking dielectric layer 312, which makes
contact with the upper and lower portions of the word line
314, serves as a second spacer having a high dielectric con-
stant according to the first example embodiment.

As described above, the upper and lower portions of the
word line 314 are surrounded by a dielectric layer having a
high dielectric constant. Accordingly, the back tunneling
caused by the concentration of the electric field on the bend-
ing portion of the word line 314 1s reduced, so that the vertical
type non-volatile memory device of the example embodi-
ments have improved erasing operation characteristics.

Embodiment 6

FI1G. 10 1s a cross-sectional view 1llustrating a vertical type
non-volatile memory device according to another example
embodiment.

The vertical type non-volatile memory device of FIG. 10
has the same structure as that of the vertical type non-volatile
memory device according to the example embodiment of
FIG. 9 except the vertical type non-volatile memory device
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illustrated 1n FIG. 10 does not have the first blocking dielec-
tric layer pattern 308 and the second blocking dielectric layer

pattern 312 and instead of the vertical type non-volatile
memory device illustrated 1n FIG. 10 has a single blocking
dielectric layer 316.

Referring to FIG. 10, the tunnel oxide layer 304 1s formed
on the surface of the channel pattern 302. In addition, the
charge trap layer 306 1s formed on the tunnel oxide layer 304.

The 1nsulating interlayer patterns 310 are formed 1n a lat-
eral direction of the channel pattern 302 formed thereon with
the charge trap layer 306. The insulating interlayer patterns
310 are vertically spaced apart from each other. Accordingly,
recess parts are formed between the insulating interlayer pat-
terns 310.

The blocking dielectric layer 316 1s formed on the charge
trap layer 306 and the insulating interlayer pattern 310 in the
recess parts. The blocking dielectric layer 316 includes a first
part 316a making contact with the sidewall part of the channel
pattern 302 and a second part 3165 protruding from the side-
wall part of the channel pattern 302 on the end portion of the
part 312a.

The blocking dielectric layer 316 may include a material
having a dielectric constant of at least 3.9. The blocking
dielectric layer 316 may include metallic oxide.

Each of the word lines 314 are formed 1n the recess parts

having the blocking dielectric layer 316 therein. Each of the
word lines 314 have the same structure as that described with
reference to FIGS. 9A and 9B.
The blocking dielectric layer 316 may include a plurality of
dielectric layers. When the blocking dielectric layer 316
includes a plurality of dielectric layers, a dielectric layer
making direct contact with the word line may have a dielectric
constant greater than those of other dielectric layers.

As described above, the upper and lower portions of the
word line 314 are surrounded by a dielectric layer having a
high dielectric constant. In other words, the second part 3165
of the blocking dielectric layer serves as the second spacer
provided with a high dielectric constant according to the first
example embodiment. Accordingly, the back tunneling
caused by the concentration of the electric field 1n the edge
portions of the word line 314 1s reduced, so that the vertical
type non-volatile memory devices of the example embodi-
ments have improved erasing operation characteristics.

Embodiment 7

FIG. 11a 1s a cross-sectional view illustrating a vertical
type non-volatile memory device according to another
example embodiment. FIG. 11B is an enlarged view illustrat-
ing a part A of FIG. 11 A, shown 1n a dotted area of FIG. 11A.

Referring to FIGS. 11A and 11B, the vertical type non-
volatile memory device may include channel patterns 302 and
control gate electrodes 314 serving as word lines, the channel
patterns 302 and word lines are formed on the substrate 300.

The substrate 300 may include a semiconductor substrate
such as a silicon substrate, a germanium substrate, or a sili-
con-germanium substrate.

The channel patterns 302 may vertically extend from a top
surface of the substrate 300 with a desired (or alternatively, a
predetermined) height. Each channel pattern 302 may have a
pillar shape, a cylindrical shape or a rectangular parallelepi-
ped shape. At least the surface of the channel pattern 302 may
include a semiconductor material. For example, the entire
portion of the channel pattern 302 may 1nclude a semicon-
ductor material. Alternately, the outer portion of the channel
pattern 302 may include a semiconductor material 3024, and
the inner portion of the channel pattern 302 may 1nclude an
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insulating material 3025. The semiconductor material 302a
may include single crystal silicon or polysilicon.

The 1nsulating interlayer patterns 310 are formed 1n a lat-
eral direction of the channel pattern 302. The mnsulating inter-
layer patterns 310 are vertically spaced apart from each other.
Accordingly, recess parts are formed between the insulating,
interlayer patterns 310.

A tunnel oxide layer 3044 1s formed on the surface of the
channel pattern 302 and the msulating interlayer pattern 310
in the recess parts. The tunnel oxide layer 304a includes a part
making contact with the channel pattern 302 and a part mak-
ing contact with the surface of the insulating interlayer pattern
310.

A charge trap layer 306a and a blocking dielectric layer
318a are formed on the surface of the tunnel oxide layer 304a.
The blocking dielectric layer 318¢ may include a material
having a dielectric constant of at least 3.9. The blocking
dielectric layer 318a may include metallic oxide.

The blocking dielectric layer 318a may include a plurality
of dielectric layers.

Each of the control gate electrodes are formed on the block-
ing dielectric layer 318a to fill the recess parts. The control
gate electrodes serve as the word lines 314. The word lines
314 may have the shape of a multi-layer structure, and verti-
cally stacked. The word lines 314 may have the same structure
as that of the word lines described with reference to FIGS. 9A
and 9B.

If the blocking dielectric layer 318a includes a plurality of
dielectric layers, a dielectric layer making direct contact with
the word line 314 may have a dielectric constant greater than
those of other dielectric layers.

As 1llustrated in FIGS. 11A and 11B, the blocking dielec-
tric layer 318a having a high dielectric constant makes direct
contact with upper and lower portions of the word line 314.
The blocking dielectric layer 318a making contact with the
upper and lower portions of the word line 314 serves as the
second spacer provided with a high dielectric constant
according to the first example embodiment.

Accordingly, the back tunneling caused by the concentra-
tion of the electric field on the edge portions of the word line
314 1s reduced, so that the vertical type non-volatile memory
devices of the example embodiments have improved erasing
operation characteristics.

Embodiment &

FIG. 12A 15 a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment, and FIG. 12B i1s a plan view of FIG.
12A.

Referring to FIGS. 12A and 12B, the vertical gate type
non-volatile memory device may include channel patterns
402 having a multi-layer structure and word lines 416 having
the shape of pillars which are formed on the substrate 400
while facing the sidewalls of the channel patterns 402.

The channel patterns 402 have the shape of a line extending,
in the first direction. The channel patterns 402 are stacked
while interposing a first insulating interlayer pattern 404 there
between. In other words, first insulating interlayer patterns
404 and the channel patterns 402 may be repeatedly and
alternately stacked on the substrate. The channel patterns 402
include a semiconductor material. For example, the channel
patterns 402 may include a single crystal silicon or polysili-
con.

Second 1nsulating interlayer patterns 406 having the shape
of pillars are formed at the lateral side of the structure 1n
which the first insulating interlayer patterns 404 and the chan-
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nel patterns 402 are stacked on each other. Openings 408 are
defined between the second insulating interlayer patterns 406
to expose both sidewalls of the channel patterns 402.

A tunnel oxide layer 410, a charge trap layer 412, and a
blocking dielectric layer 414 are formed on the sidewall of the
opening 408 and the channel pattern 402. The blocking
dielectric layer 414 may include a plurality of dielectric lay-
ers.

The blocking dielectric layer 414 may include a material
having a dielectric constant of at least 3.9. The blocking
dielectric layer 414 may include metallic oxide. When the
blocking dielectric layer 414 has a multi-layer structure, the
blocking dielectric layer 414 making direct contact with the
word line 416 has a dielectric constant greater than those of
the blocking dielectric layers 414 formed at other layers.

The word lines 416 are formed 1n the openings 408 while
making contact with the blocking dielectric layers 414. In
other words, the word lines 416 have the shape of a pillar.

The word lines 416 may include a metallic material. The
word line 416 may include a barrier metallic layer pattern
416a and a metallic layer pattern 4165.

The metallic layer pattern 4165 may include tungsten (W).
The barrier metallic layer pattern 416a may include titanium
(T1), titantum nitride (TiN), tantalum ('Ia), or tantalum nmitride
(Ta,N). The above materials may be used alone or in a com-
bination thereof. The barrier metallic layer pattern 416a may
make direct contact with the blocking dielectric layer 414.

The word line 416 1s surrounded by the blocking dielectric
layer 414. A portion P of the blocking dielectric layer 414
protruding 1n a lateral direction of the channel pattern 402
serves as the second spacer provided with a high dielectric
constant according to the first example embodiment. Accord-
ingly, the back tunneling caused by the concentration of the
clectric field on the edge portions of the edge region of the
word line 416 1s reduced, so that the non-volatile memory
device of the example embodiments have improved erasing
operation characteristics.

FIGS. 13A and 13B are perspective views showing a
method of fabricating the vertical gate type non-volatile
memory device of FIG. 12A.

Referring to FIG. 13 A, a structure that stacks the channel
patterns 402 and the first insulating interlayer patterns 404
may be formed on a substrate 100. The structure has the shape
of a line extending 1n the first direction.

In some example embodiments, the structure may be
formed by sequentially forming channel layers and first insu-
lating 1nterlayers and then patterning the channel layers and
the first insulating interlayers. In another example embodi-
ment, the structure may be formed by sequentially forming,
channel layers including a semiconductor material and sac-
rificial layers, forming a recess parts by removing the sacri-
ficial layers, and filling first insulating interlayer patterns in
the recess parts.

A second msulating interlayer 405 1s filled 1n a gap between
structures described above.

Retferring to FIG. 13B, second insulating interlayer pat-
terns 406 are formed 1n the shape of a pillar while protruding
in a lateral direction of the structure by etching a portion of the
second msulating interlayer 405. The opening 408 1s formed
between the second insulating interlayer patterns 406. The
sidewalls of the channel patterns 402 and the first insulating
interlayer patterns are exposed 1n the openings.

Referring to FIG. 12A again, the tunnel oxide layer 410,
the charge trap layer 412, and the blocking dielectric layer
414 are formed on the sidewall of the opening 408 and
exposed the channel pattern 402 in the opening 408. The
blocking dielectric layer 414 may include a material having a




US 8,907,398 B2

23

dielectric constant of at least 3.9. The blocking dielectric
layer 414 may include metallic oxide. When the blocking
dielectric layer 414 has a multi-layer structure, a blocking
dielectric layer making direct contact with the word line has
a dielectric constant greater than those of the blocking dielec-
tric layers formed at other layers.

Thereafter, a word line 416 1s fully filled 1n the opening 408
while making contact with the blocking dielectric layer 414.

Embodiment 9

FIG. 14A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment, and FIG. 14B 1s a plan view of FIG.

14A.

Referring to FIGS. 14A and 14B, the vertical gate type
non-volatile memory device may include the channel patterns
402 having a multi-layer structure and word lines 416 having
a shape ol pillars which are formed on the substrate 400 while
facing the sidewalls of the channel patterns 402.

The channel patterns 402 have the shape of a line extending,
in the first direction. The channel patterns 402 are stacked 1n
a multi-layer structure while interposing the first insulating
interlayer pattern 404 there between. In other words, first
insulating interlayer patterns 404 and the channel patterns
402 may be repeatedly and alternately stacked on the sub-
strate.

A tunnel oxide layer 410a, a charge trap layer 412a, and a
first blocking dielectric layer 420 are provided in such a
manner that the tunnel oxide layer 410a, the charge trap layer
412a, and the first blocking dielectric layer 420 make direct
contact with the sidewall of the structure 1n which the channel
pattern 402 and the first insulating interlayer pattern 404 are
stacked. The first blocking dielectric layer 420 may include a
plurality of dielectric layers.

The second insulating interlayer patterns 406 having the
shape of a pillar are formed at the lateral side of the first
blocking dielectric layer 420. Openings 408 are defined
between the second imsulating interlayer patterns 406 to
expose both sidewalls of the channel patterns 402

The second blocking dielectric layer 422 1s formed on the
sidewall of the opening 408 and exposed the first blocking
dielectric layer in the opening 408. The second blocking
dielectric layer 422 has a dielectric constant greater than
those of the dielectric layers constituting the first blocking
dielectric layer 420. The second blocking dielectric layer 422
includes a first part making contact with the sidewall of the
channel pattern 402 and a second part protruding from the
sidewall of the channel pattern 402 on the end point of the first
part.

The word lines 416 extend perpendicularly to the substrate
400 while making contact with the second blocking dielectric
layer 422. In other words, the word lines 416 have a shape of
a pillar. The word lines 416 may have the same structure as
those described with reference to FIGS. 13a and 135.

The second blocking dielectric layer 422 includes a mate-
rial having a dielectric constant of at least 3.9. The second
blocking dielectric layer 422 may include metallic oxide.

The word line 416 1s surrounded by the second blocking
dielectric layer 422. A portion P of the blocking dielectric
layer 422 protruding in a lateral direction of the channel
pattern 402 serves as the second spacer provided with a high
dielectric constant according to the first example embodi-
ment. Accordingly, the back tunneling caused by the concen-
tration of the electric field on the bending portion of the edge
region of the word line 416 1s reduced, so that the non-volatile
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memory device according to example embodiments have
improved erasing operation characteristics.

FIGS. 15A and 15B are perspective views showing a
method of fabricating the vertical gate type non-volatile
memory device of FIG. 14A.

Referring to FIG. 15A, a structure that stacks the channel
patterns 402 and the first msulating interlayer patterns 404
may be formed on a substrate 100. The structure has the shape
of a line extending 1n the first direction. The structure may be
formed 1n the same manner as that described with reference to
FIG. 13A.

The tunnel oxide layer 410a, the charge trap layer 4124,
and the first blocking dielectric layer 420 are sequentially
formed to cover both sidewalls of the structure. The first
blocking dielectric layer 420 may include a plurality of
dielectric layers.

The second insulating interlayer 405 1s fully filled 1n the
gap between the structures.

Referring to FIG. 13B, the second insulating interlayer
patterns 406 having the shape of pillars are formed protruding
in a lateral direction of the structure by etching a portion of the
second 1nsulating interlayer 405. The opening 408 between
the second insulating interlayer patterns 406 may be formed.
The first blocking dielectric layer 420 may be exposed 1n the
opening 408.

Referring to FIG. 14A again, the second blocking dielec-
tric layer 422 1s formed on the sidewall of the opening 408 and
exposed the first blocking dielectric layer in the opening 408.
The second blocking dielectric layer 422 has a dielectric
constant greater than those of the dielectric layers constitut-
ing the first blocking dielectric layer 420. The second block-
ing dielectric layer 422 includes the first part making contact
with the sidewall of the channel pattern 402 and the second
part protruding from the sidewall of the channel pattern 402
on the end point of the first part.

Thereatter, the word line 416 1s fully filled in the opening

408 while making contact with the second blocking dielectric
layer 422.

Embodiment 10

FIG. 16 A 15 a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment. FIG. 16B 1s a plan view of FIG. 16A.

Referring to FIGS. 16A and 16B, the vertical gate type
non-volatile memory device may include the channel patterns
402 having a multi-layer structure and word lines 416 having
the shape of a pillar which are formed on the substrate 400
while facing the sidewalls of the channel patterns 402.

The channel patterns 402 have the shape of a line extending,
in the first direction. The channel patterns 402 are stacked 1n
a multi-layer structure while interposing the first mnsulating
interlayer pattern 404 there between. In other words, the first
insulating interlayer patterns 404 and the channel patterns
402 may be repeatedly and alternately stacked on the sub-
strate.

The tunnel oxide layer 410a, the charge trap layer 4124,
and a first blocking dielectric layer 430 may be sequentially
stacked. The tunnel oxide layer 410a may make direct contact
with the sidewall of the structure 1n which the channel pattern
402 and the first insulating interlayer pattern 404 are stacked.
The first blocking dielectric layer 430 may include a plurality
of dielectric layers.

The blocking dielectric layer 430 includes a material hav-
ing a dielectric constant of atleast 3.9. The blocking dielectric
layer 430 may include metallic oxide. If the blocking dielec-
tric layer 430 has a multi-layer structure, the blocking dielec-
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tric layer 430 making direct contact with the word line has a
dielectric constant greater than those of the blocking dielec-
tric layers formed at other layers.

The word lines 416 have the shape of a pillar on the sub-
strate 400 while making contact with the blocking dielectric
layer 430. The word lines 416 extend 1n the first direction
while being provided in parallel to each other. The word lines
416 may i1nclude a metallic material.

Openings 424 are defined between the word lines 416 to
expose the blocking dielectric layer 420.

A high dielectric layer pattern 432 1s formed on the side-
wall of the opening 434 and exposed the blocking dielectric
layer 430 in the opening 434. The high dielectric layer pattern
432 1s formed on the sidewalls of the word lines 416 and the
top surface of the blocking dielectric layer 430 between word
lines 416.

The high dielectric layer pattern 432 has a dielectric con-
stant equal to or greater than that of a dielectric layer making
direct contact with the word line among dielectric layers
constituting the blocking dielectric layer 430. The high
dielectric layer pattern 432 may include a material the same as
that of a dielectric layer constituting the blocking dielectric
layer 430. Alternately, the high dielectric layer pattern 432
may include a material different from that of the dielectric
layer constituting the blocking dielectric layer 430.

A second insulating interlayer pattern 436 1s formed on the
high dielectric layer pattern 432 so that the second insulating,
interlayer pattern 436 1s filled 1n a gap between the word lines.

The high dielectric layer pattern 432 covers the sidewall of
the word line 416. Accordingly, the high dielectric layer pat-
tern 432 serves as the second spacer provided with a high
dielectric constant according to the first example embodi-
ment. Accordingly, the back tunneling caused by the concen-
tration of the electric field at the bending portion of the edge
region of the word line 416 1s reduced, so that the non-volatile
memory device according to example embodiments have
improved erasing operation characteristics.

FIGS.17A to 17C are perspective views showing a method
of fabricating the vertical gate type non-volatile memory
device of FIG. 16a.

Referring to FIG. 17A, the structure stacked the channel
patterns 402 and the first insulating interlayer patterns 404
may be formed on a substrate 100. The structure has the shape

of a line extending 1n the first direction. The structure may be
formed 1n the same manner as that described with reference to
FIG. 13A.

The tunnel oxide layer 410qa, the charge trap layer 412a,
and the blocking dielectric layer 430 are sequentially formed
to cover both sidewalls of the structure. The blocking dielec-
tric layer 430 may include a plurality of dielectric layers.

The blocking dielectric layer 430 includes a material hav-
ing a dielectric constant of atleast 3.9. The blocking dielectric
layer 430 may include metallic oxide. If the blocking dielec-
tric layer 430 has a multi-layer structure, the blocking dielec-
tric layer 430 making direct contact with the word line has a
dielectric constant greater than those of the blocking dielec-
tric layers formed at other layers.

A conductive layer 415 1s formed on the blocking dielectric
layer 430 so that the conductive layer 415 1s fully filled 1n the
gap between structures described above. The conductive
layer 415 1s used to form a word line. The conductive layer
415 may include a metallic material.

Referring to FIG. 178, the word lines 416 are formed 1n the
shape of pillars while protrudmg in a lateral direction of the
structure by etching a portion of the conductive layer 415. An
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opening 434 1s defined between the word lines 416. The
blocking dielectric layer 430 may be exposed 1n the opening

434.

Referring to FIG. 17C, the high dielectric layer pattern 432
1s formed on the sidewall of the opening 434 and exposed the
first blocking dielectric layer in the opening 434.

The high dielectric layer pattern 432 has a dielectric con-
stant equal to or greater than that of a dielectric layer making
direct contact with the word line among dielectric layers
constituting the blocking dielectric layer 430. The high
dielectric layer pattern 432 may include a material the same as
that of a dielectric layer constituting the blocking dielectric
layer 430. In addition, the high dielectric layer pattern 432
may include a matenial different from that of the dielectric
layer constituting the blocking dielectric layer 430.

Referring to FIG. 16A again, the second insulating inter-
layer pattern 436 1s formed on the high dielectric layer pat-

terns so that the second mnsulating interlayer pattern 436 1s
tully filled 1n the opening 434.

Embodiment 11

FIG. 18A 1s a perspective view showing a part of a vertical
gate type non-volatile memory device according to another
example embodiment. FIG. 18B 1s a plan view of FIG. 18a.

Retferring to FIGS. 18A and 18B, the vertical gate type
non-volatile memory device may include the channel patterns
402 having a multi-layer structure and the word lines 416
having the shape of a pillar on the substrate 400 while facing
the sidewalls of the channel patterns 402.

The channel patterns 402 have the shape of a line extending
in the first direction. The channel patterns 402 are stacked 1n
a multi-layer structure while interposing the first mnsulating
interlayer pattern 404 there between. In other words, the first
insulating interlayer patterns 404 and the channel patterns
402 may be repeatedly and alternately stacked on the sub-
strate.

The tunnel oxide layer 410a, the charge trap layer 4124,
and a first blocking dielectric layer 430 may be sequentially
stacked. The tunnel oxide layer 410a may make direct contact
with the sidewall of the structure 1n which the channel pattern
402 and the first insulating interlayer pattern 404 are stacked.
The blocking dielectric layer 430 may include a plurality of
dielectric layers.

The blocking dielectric layer 430 includes a material hav-
ing a dielectric constant of atleast 3.9. The blocking dielectric
layer 430 may include metallic oxide. If the blocking dielec-
tric layer 430 has a multi-layer structure, the blocking dielec-
tric layer 430 making direct contact with the word line has a
dielectric constant greater than those of the blocking dielec-
tric layers formed at other layers.

The word lines 416 having the shape of a pillar on substrate
400 make contact with the blocking dielectric layer 430. In
other words, the word lines 416 are formed 1n the first direc-
tion 1n parallel to each other. The word lines 416 include a
metallic matenal.

Openings 434 are defined between the word lines 416 to
expose both sidewalls of the blocking dielectric layer 430.

The ligh dielectric layer pattern 440 1s provided in such a
manner that the high dielectric layer pattern 440 1s fully filled
in the opening 434. The high dielectric layer pattern 440 may
have the shape of a pillar making contact with the blocking
dielectric layer 430 and the sidewall of the word line 416.

The high dielectric layer pattern 440 has a dielectric con-
stant equal to or greater than that of a dielectric layer making
direct contact with the word line among dielectric layers
constituting the blocking dielectric layer 430. The high
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dielectric layer pattern 440 may include a material the same as
that of a dielectric layer constituting the blocking dielectric
layer 430. In addition, the high dielectric layer pattern 440
may include a material different from that of the dielectric
layer constituting the blocking dielectric layer 430.

The high dielectric layer pattern 440 covers the sidewall of
the word line 416. Accordingly, the high dielectric layer pat-
tern 440 serves as the second spacer provided with a high
dielectric constant according to the first example embodi-
ment. Accordingly, the back tunneling caused by the concen-
tration of the electric field at the bending portion of the edge
region of the word line 416 1s reduced, so that the non-volatile
memory device according to example embodiments has
improved erasing operation characteristics.

The vertical gate type non-volatile memory device 1llus-
trated 1n FIG. 18 A may be formed 1n the same manner as that
described with reference to FIGS. 17A and 17B.

First, the structure illustrated in FIG. 17B 1s formed by
performing the processes the same as those described with
reference to FIGS. 17A and 17B.

Next, as illustrated 1n FIG. 18A, the high dielectric layer
pattern 440 1s formed on the blocking dielectric layer while
being fully filled 1n the opening. Accordingly, the high dielec-
tric layer pattern 440 has the shape of pillars.

The high dielectric layer pattern 440 has a dielectric con-
stant equal to or greater than that of a dielectric layer making
direct contact with the word line among dielectric layers
constituting the blocking dielectric layer 430. The high
dielectric layer pattern 440 may include a material the same as
that of a dielectric layer constituting the blocking dielectric
layer 430. Alternately, the high dielectric layer pattern 440
may include a material different from that of the dielectric
layer constituting the blocking dielectric layer 430.

FIG. 19 1s a block diagram illustrating a memory system
provided with the non-volatile memory device according to
one of the example embodiments.

Referring to FI1G. 19, a non-volatile memory device 510 1s
clectrically connected to a central processing unit (CPU) 520
provided 1mn a memory system 500 such as a computer. The
memory system 500 may include a personal computer (PC),
a personal data assistant (PDA), and the like. The non-volatile
memory device 510 may be directly connected with the CPU
520 or may be connected with the CPU 520 through a bus.
The non-volatile memory device 510 has a gate structure
according to the various example embodiments. Accordingly,
the non-volatile memory device 510 has improved erase satu-
ration characteristics and improved reliability. Since the non-
volatile memory device 510 1s applied to the memory system
500, the performance of the memory system 500 can be
improved.

As described above, the non-volatile memory device
including the gate structure according to the example
embodiments that have improved erase saturation character-
istics and superior reliability. The non-volatile memory
device 1s applicable to various memory systems and various
clectronic products.

The foregoing 1s illustrative of example embodiments and
1s not to be construed as limiting thereof. Although a few
example embodiments have been described, those skilled 1n
the art will readily appreciate that many modifications are
possible 1n the example embodiments without materially
departing from the novel teachings and advantages of the
present 1nventive concepts. Accordingly, all such modifica-
tions are intended to be included within the scope of the
present inventive concepts as defined in the claims. In the
claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function

5

10

15

20

25

30

35

40

45

50

55

60

65

28

and not only structural equivalents but also equivalent struc-
tures. Therefore, 1t 1s to be understood that the foregoing 1s
illustrative of various example embodiments and 1s not to be
construed as limited to the specific example embodiments
disclosed, and that modifications to the disclosed example
embodiments, as well as other example embodiments, are

intended to be included within the scope of the appended
claims.

What 1s claimed 1s:

1. A vertical type non-volatile memory device, comprising;:

a channel pattern vertically extending from a substrate;

a tunnel oxide layer and a charge trap layer sequentially
stacked on a sidewall of the channel pattern;

a blocking layer pattern structure including a first portion
and a second portion, the first portion being on the
charge trap layer, the second portion extending from an
end of the first portion to protrude from a sidewall of the
channel pattern, and the blocking layer pattern structure
having a dielectric constant that 1s greater than that of the
tunnel oxide layer pattern; and

at least one word line formed on the first and second por-
tions of the blocking layer pattern structure.

2. The vertical type non-volatile memory device of claim 1,
wherein the second portion of the blocking layer pattern
structure contacts an upper surface and a lower surface of the
word line, and extends 1n a horizontal direction.

3. The vertical type non-volatile memory device of claim 1,
wherein the blocking layer pattern structure includes a first
blocking layer pattern and a second blocking layer pattern,
the first blocking layer pattern contacting the charge trap layer
and having a first dielectric constant, and the second blocking
layer pattern being on the first blocking layer pattern and
having a second dielectric constant that 1s greater than the first
dielectric constant.

4. The vertical type non-volatile memory device of claim 3,
wherein the first blocking layer pattern includes the first por-
tion, and the second blocking layer pattern includes both of
the first and second portions.

5. The vertical type non-volatile memory device of claim 4,
wherein the second portion of the second blocking layer
pattern contacts an upper surface and a lower surface of the
word line.

6. The vertical type non-volatile memory device of claim 1,
wherein the at least one word line includes a plurality of word
lines that are vertically spaced apart from each other on the
sidewall of the channel pattern.

7. The vertical type non-volatile memory device of claim 6,
turther comprising:

insulating interlayer patterns that are disposed between the
word lines on the sidewall of the channel pattern.

8. The vertical type non-volatile memory device of claim 7,
wherein the second portion of the blocking layer pattern
structure 1s on surfaces of the insulating interlayer patterns.

9. The vertical type non-volatile memory device of claim 1,
wherein at least one of the tunnel oxide layer and the charge
trap layer extends on surfaces of the insulating interlayer
patterns and the channel pattern.

10. The vertical type non-volatile memory device of claim
1, wherein the tunnel oxide layer and the charge trap layer are
stacked on an entire surface of the channel pattern.

11. The vertical type non-volatile memory device of claim
1, wherein the blocking layer pattern structure includes any
one selected from the group consisting of aluminum oxide

(Al,O,), hatnium oxide (H1O,), lanthanum oxide (La,O,),
lanthanum aluminum oxide (LaAlQO;), lanthanum hatnium
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oxide (LaHIO), hatnium aluminum oxide (HfAIO), titanium
oxide (T10,), tantalum oxide (Ta,O.), and zirconium oxide

(Zr0O,).
12. The vertical type non-volatile memory device of claim
1, wherein the word line includes a barrier layer pattern and a
metal layer pattern.
13. A vertical type non-volatile memory device, compris-
ng:
a channel pattern vertically extending from a substrate, the
channel pattern having a pillar shape;
a tunnel oxide layer and a charge trap layer sequentially
stacked on a sidewall of the channel pattern;
insulating interlayer patterns vertically spaced apart from
cach other on a sidewall of the channel pattern;

5
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a blocking layer pattern structure including a first portion 15

and a second portion, the first portion being on the
charge trap layer, the second portion extending on sur-
faces of the insulating interlayer patterns, and the block-
ing layer pattern structure having a dielectric constant
that 1s greater than that of the tunnel oxide layer pattern;
and

30

word lines being between the insulating interlayer patterns
and contacting the first and second portions of the block-
ing layer pattern structure.

14. The vertical type non-volatile memory device of claim
13, wherein the blocking layer pattern structure includes a
first blocking layer pattern and a second blocking layer pat-
tern, the first blocking layer pattern contacting the charge trap
layer and having a first dielectric constant, and the second
blocking layer pattern being on the first blocking layer pattern
and having a second dielectric constant that 1s greater than the
first dielectric constant.

15. The vertical type non-volatile memory device of claim

13, wherein the blocking layer pattern structure includes any
one selected from the group consisting of aluminum oxide

(Al,O,), hatnium oxide (H1O,), lanthanum oxide (La,O,),
lanthanum aluminum oxide (LaAlQO,), lanthanum hatnium
oxide (LaH1O), hatnium aluminum oxide (HfAl1O), titanium
oxide (T10,), tantalum oxide (Ta,O.), and zirconium oxide

(Z10,).
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